INTRODUCTION
Burns are common pediatric injuries presenting to the Emergency Department (ED) with an estimated annual attendance of 50,000 children in the UK [1] and 500,000 in the USA. [2] While the majority are unintentional injuries, international estimates suggest 10-25% are the result of physical abuse or neglect. [3] [4] [5] [6] [7] In order to protect these children from future harm, early identification is essential.
Maltreatment is under-recognized in busy EDs, [8] due to high staff turnover, high volume of patients, pressure to manage and discharge patients and variable pediatric experience. Whilst child protection training is mandated in the UK for all staff in contact with children, [9] there is inconsistent uptake in ED where staff of different grades have different levels of training. The ED work force is often poorly equipped to identify children at risk of maltreatment.
Clinical Prediction Tools (CPTs) are commonly used in EDs to aid decision-making, and improve diagnostic accuracy. [10] [11] [12] [13] These evidence-based tools use a combination of predictor variables from the history and clinical examination to determine the probability of a specified outcome. A number of generic screening tools for physical abuse or neglect are used in EDs, but systematic reviews show poor performance, [8, 14] with the exception of one recent study that suggests that the modified SPUTOVAMO, a screening tool used in the Netherlands, could identify children who were admitted to one Burns Centre who needed additional support for suspected abuse or neglect. [3] A small retrospective case-note review attempted to improve the identification of 'burn abuse' by introducing a 'checklist' [15] that resulted in a three-fold increase in the number of children being referred for assessment by social care. However, the 'checklist' was not validated.
This study aims to derive and externally validate a burns-specific CPT to aid the assessment of children who present to hospital and to identify cases where maltreatment (neglect or physical abuse) is suspected and a referral to hospital or Local Authority children's social care teams for maltreatment investigation is recommended.
METHODS

Derivation
To derive the CPT we used data from a prospective multicenter study of children presenting with a burn to two pediatric EDs, three general EDs and three burns units in the UK and Ireland during 2008-2010. [16] Children less than 16 years old were included; victims of household fires were excluded. A standardized data collection proforma, the Burns and Scalds Assessment Template ( Supplementary Figure 1) , was completed by the treating clinician, recording: age, gender, gross motor developmental stage, previous social care involvement, level of adult supervision, time to presentation for medical attention, the type of burn, its severity, bilateral and multiple burns, first aid, anatomical site, causal agent and mechanism of injury. The anatomical distribution of the injury was drawn on a body map (categorized into 12 anatomical sites; supplementary Table 1 ). These items were derived from the results of a systematic review of burns in maltreatment. [17] 
Outcome and Predictor Variables
As outcome, children were classified into two groups: referred to the hospital or Local Authority children's social care team for investigation of suspected maltreatment or not. To derive the CPT, we analyzed ten potential predictor variables detailed in Table 1 . The injury types were grouped into scalds (from hot liquids, food or steam) and non-scalds (contact, chemical, electrical, radiation, and friction burns) and analyzed separately due to differences in causal agents, mechanisms, extent and pattern of injuries sustained. [16] 
INSERT TABLE 1 HERE
Statistical Analyses
Analyses were performed in Stata v.14. [18] Descriptive statistics are reported using proportions, medians and interquartile range (IQR). Associations between the potential predictor variables (Table 1 ) and the outcome were conducted using univariate and multivariable logistic regressions. Odds ratios (ORs) and 95% confidence intervals (CIs) are reported. The Pearson goodness-of-fit test was used to ensure model fit. The analyses were repeated with bootstrapping using 10,000 replicates to internally validate the accuracy of estimates. We fitted receiver operating characteristic curves (ROC) and corresponding area under the curves (AUC) using the roctab command which performs nonparametric ROC analysis.
To create the CPT, we constructed a point scoring system by converting the regression coefficients of the independently predictive variables in the multivariable logistic models into integer values. [19, 20] Coefficients were rounded to the nearest integer. This enabled each case to be assigned a total score by summing the integer values for all variables. Cases were scored blinded to the outcome. We used ROC curve analysis for the full range of possible scores against the outcome to assign the best cut-off score based on the lowest score at or above which the sensitivity and specificity were optimal to maximize discovery of concerning cases while reducing unnecessary referrals to social care. [21] [22] [23] Using the diagt command, we extracted additional measures of diagnostic accuracy namely likelihood ratios, positive predictive values (PPV) and negative predictive values (NPV) for different scores. [23] The resulting CPT is called the BuRN-Tool (Burns Risk assessment for Neglect or abuse Tool).
External Validation of BuRN-Tool
To externally validate the BuRN-Tool, a second study conducted during June 2013-April 2014, collected the same data using a refined version (supplementary Figure 1 ) of the original data collection proforma (BaSAT). Data were collected at multiple sites, including several outside the derivation setting (sites included two pediatric EDs, one general ED, two minor injury units and one regional children's Burns Centre in Bristol and Cardiff, UK). The same inclusion criteria were applied. Constant monitoring of the sites was provided to maximize completion of proformas; missing data fields were completed from case notes where possible. Data were entered onto a REDCap (Research Electronic Data Capture) [24] database using double data checking by two independent data clerks.
Classification of Cases
Cases with complete information on all the predictor variables were retrospectively assigned a total BuRN-Tool score according to the individual score for each variable and blinded to case outcome (referral to children's social care teams). ROC curve analysis was performed against the outcome and all diagnostic accuracy measures (sensitivity, specificity, LR, PPV, NPV) were obtained with the same methods as used for the derivation data. We identified the proportion of cases scoring greater than or equal to the chosen cut-off score.
Ethical approval for the derivation study was granted by Research Ethics Committee for England and Wales 08/H0504/133 Dublin REC 2009/02/02 and for the validation study (MREC 13/WA/0003). Waived consent for the derivation study and the process of data recording were approved by the National Information Governance Board (PIAG4-05(i)2008) and for the external validation by the Confidentiality Advisory Group (CAG 1-06 (PR7)/2013).
RESULTS
Derivation of BuRN-Tool
Ascertainment and Demographics
A total of 1484 cases were identified, 157 were excluded due to double counting or failure to fulfil the inclusion criteria, leaving 1327 cases; 768 (58%) were scalds (median age;
1 year [IQR 1-3]) and 559 (42%) non-scalds (median age; 2 years [IQR 1-8]). Gender ratio (Male: Female) was 3:2. A total of 8.4% (112/1327; 7.7% for scalds and 9.5% for non-scalds) cases were referred to a children's social care team. Data completeness for scald cases included in the analyses was 99.6 % (765/768) and 100% for non-scalds.
Predictor Variables
Univariate and multivariable analysis showed that the strongest predictor of referral to a children's social care team was whether the child was previously known to social care at the point of ED attendance, followed by a concerning injury explanation and the injury being full thickness. Children with scalds were also more likely to be referred to a social care team if they were <5 years of age. A weaker association was found with referral if scalds showed bilateral patterning, or if the injury was in an uncommon body site (back, buttocks, groin, head within the hairline) (Supplementary Table 1 , Table 2 ). The association with age and an uncommon body site was not seen for non-scalds. However, as age showed a strong association with referral for scalds, we kept it in the multivariable analysis to see whether adjusting for the other variables would modify this relationship. Adjustment for the strongly influential variables did strengthen the association between age <5 and referral of non-scalds.
Concerns about adult supervision showed a weaker association for both injury types ( Table   2) . No association was found with multiple burn sites or first aid provision. Although we had the data, late presentation was often inconsistently and unreliably recorded and was therefore omitted from further analyses. No change in odds ratios were found using bootstrapping (data not shown).
INSERT TABLE 2 HERE
Scoring
Converting the multivariable regression coefficient of the predictive variables to create the BuRN-Tool, resulted in integer scores ranging from 1-3 (Table 3 ). As age was less influential in non-scalds (score=1) compared to scalds (score=2), optimal cut-off scores in the ROC analyses differed by 1. For simplicity of application in clinical settings, every non-scald burn therefore received an additional score of 1 in order to use the same cut-off for both injury types. The maximum summed score obtainable for scalds was 12 and for non-scalds 10 ( Table 3) .
INSERT TABLE 3 HERE
Based on the ROC curve analyses (curves shown in supplementary Figures 2 and 3), a
cut-off score of three corresponded to the optimum sensitivity and specificity for both injury types (Table 4) , maximizing the discovery of suspected maltreatment cases while reducing unnecessary referrals. Proportion of cases scoring three or above was 30.3% (232/765) for scalds and 28.8% (161/559) for non-scalds. Predictive accuracy, measured as the AUC, was 0.79 (95% CI: 0.75, 0.81) for scalds and 0.75 (95% CI: 0.71, 0.78) for non-scalds. For scalds, a score of three represented a positive likelihood ratio (LR+) of 2.7, and a score of four or more an LR+ ranging from 6.2-18.0 (Table 4) . A score of 0-2 corresponded to a low negative likelihood ratio (LR-) of 0.2. For non-scalds, the values were very similar ( Table 4 ).
Supplementary Table 2 shows the contribution of the different variables to the overall total score.
INSERT TABLE 4
External Validation of the BuRN-Tool
Ascertainment and Demographics
In the validation study, data were recorded for 389 children with scalds and 398 with non-scalds. Median age was two years (IQR 1-6) for both scalds and non-scalds, and male: female ratio 1.2:1. Overall rate of referral to a children's social care team was 6.5% (50/769; 4.2% for scalds and 8.9% for non-scalds; 18 cases had missing data for referral status). Data completeness was 95.9% (373/389) for scalds and 93.5% (372/398) for non-scalds.
Scoring and Classification against Outcome
As in the derivation data, a cut-off score of three corresponded to the optimum sensitivity and specificity for both scalds and non-scalds (Table 5 ; ROC curves shown in supplementary Figure 4, 5) ; sensitivity and specificity for scalds were 87.5% (95% CI: 61.7-98.4) and 81.5% (95% CI: 77.1-85.4) and for non-scalds 82.4% (95% CI: 65.5-93.2) and 78.7% (95% CI: 73.9-82.9). Proportion of cases scoring three or above was 21.4% (80/373) for scalds and 26.9% (100/372) for non-scalds. Predictive accuracy was greater than in the derivation setting; AUC was 0.87 (95% CI: 0.83-0.90) for scalds and 0.85 (95% CI: 0.81-0.88) for non-scalds. A score of ≥3 showed an incremental increase in LR+ for both scalds (range 4.7-22.3) and non-scalds (range 3.9-29.8) with a LR-of <0.3 if the score was 0-2 (Table 5 ).
INSERT TABLE 5
Misclassification There were seven false-negative cases that were referred to a children's social care team but scored 0-2. In three cases there were additional concerning factors, such as domestic abuse, and self-harm that triggered a referral. The potential reasons for referral in the other cases were unclear. The overall false positive rate (not referred but scored ≥3) was 19% (138/745), 59% (82/138) of these had a BuRN-Tool score of three. The distribution of predictor variables, stratified by age, amongst the false-positive cases are shown in supplementary Table 3 . Distributions showed relatively equal spread for both age categories but there was a much larger proportion of false-positive cases previously known to social care in children ≥5 years old (64%) compared to in those <5 years old (13%). With regards to supervision concerns, the reverse was true, as 52% of false positives in <5 year olds had supervision concerns compared to 8% in over ≥5 year olds.
DISCUSSION
The BuRN-Tool is an easily completed CPT with the potential to identify which children with burns warrant further child maltreatment evaluation. The performance of the BuRN-Tool was prospectively validated against a novel dataset to that used for derivation.
Although not perfect, the performance of the BuRN-Tool was satisfactory in both derivation and validation and performed slightly better in the validation study with a sensitivity and specificity around 80%.
The strengths of this study are that the standardized derivation methodology [11, 25] was followed in developing a novel evidence-based CPT. The clinical proforma had good data completion rates, especially within the validation study where ED staff received training and reminders to complete the data fields, and the sample was large enough to estimate diagnostic accuracy with reasonable certainty. The predictor variables are factors that should be recorded as part of any standard assessment of a child with a burn. A survey of 54 clinicians found that the research proforma was accepted as a quick and easy to complete clinical record and 90% of participants reported that they would use the CPT to support child protection decisions in the ED. [26] In practice, the BuRN-Tool identified a number of children as being 'of concern' who were not referred for child protection assessment, especially infants and toddlers where there was concern about inadequate adult supervision. Any burn in a young child reflects some degree of inadequate adult supervision. This decision is arguably a subjective one, but potentially a key indicator of neglect. We attempted to make this an objective measure, as far as was possible. The BuRN-Tool recorded 'supervision concern' in young children who had no adult present at the time that they sustained a burn, or where the clinician was concerned about inadequate supervision. In either case, further assessment of the home situation in these young children and ongoing support would be warranted. It could be argued that children previously or currently known to social care should not automatically be referred if they sustain a burn. However this factor was the strongest predictor variable in the derivation study, and has been identified in systematic reviews as a strong predictor of abuse. [8] Sharing of information about vulnerable children is an essential part of child protection to enable an increased level of parental support. Both level of appropriate supervision, and an assessment as to whether an explanation for the injury is of concern, are subjective decisions. The advantage of the BuRN-Tool is that it requires clinicians to consider these aspects and to make a clinical judgement. We have developed a short webinar resource for ED clinicians to use alongside the BuRN-Tool, to provide training for ED clinicians about the predeterminants of childhood burns and their relationship to child development and parenting.
Whilst a good CPT should ensure that all concerning cases are recognized, this should not be falsely inflated at the expense of children of no concern being referred to a children's social care teams. The BuRN-Tool offers an incrementally high LR+ for scores ≥ 3 and low LR-for scores of 0-2, minimizing the risk of unnecessary referrals. A low score has the potential to reassure clinicians that maltreatment is unlikely. However, with only a few cases scoring at the top end of the range of scores, the precision of LRs for these is consequently low with wide confidence intervals and slight fluctuations in sample size could change the LRs substantially. [27] There were additional variables included on the standardized clinical proforma (BaSAT) which are currently not in our BuRN-Tool. Late presentation to medical care has been suggested as an indicator for child protection concerns. [4] However, data for this variable were poorly recorded, and within the care pathways it was difficult to define either the time between injury and first presentation, or the reasons for late presentation, which were often related to the fact that the burn looked considerably worse some hours after it was sustained and alerted the worried parent to seek medical advice after some delay. Other factors such as skin fold or central buttock sparing, or glove and stocking appearance of burns [17] have been described in physical abuse, however these features were rarely described in the study population and thus it was not possible to include them within the data analysis.
Additionally, a child with a burn may have multiple factors unrelated to the burn that warrant a social care referral (e.g. parents under the influence of alcohol, domestic violence, and inflicted injuries other than a burn). These factors may have contributed to the false negative cases. The BuRN-Tool is designed to consider the burn itself within a holistic assessment of the child, and clinicians must be aware of the multitude of other signs and symptoms of child maltreatment that may co exist. When compared to other child maltreatment CPTs, the BuRN-Tool is evidence based, and was derived and validated against a much larger sample than the previously published checklist for children's burns introduced by Clark in 1997. [15] The performance of the BuRN-Tool compares well with other CPTs developed for injuries -for example those designed to 'screen out' Abusive Head Trauma, [28] or identify potential abuse based on bruising patterns of young children admitted to intensive care. [29] Both of these are applicable to children admitted with serious injury, and were not designed to screen the large volume of children with the full spectrum of injury severity attending an ED. In the Netherlands, when a modified SPUTOVAMO was evaluated in a cohort of pediatric admissions to a regional burns centre, 12% screened positive for maltreatment concern.[3]
Whilst it is difficult to make a direct comparison of performance with the BuRN-Tool due to a different population, different variables and outcome measure, the sensitivity (73.2%) and specificity (94.5%) based upon their outcome measure of children requiring additional support were comparable with those achieved by the BuRN-Tool.
The limitation of this study, in common with many studies in this field, is determining a categorical outcome of maltreatment. There is no available gold standard for diagnosis. As the over-riding purpose of this study was to identify cases that need to be referred to a children's social care team for further assessment, we used practioners' referral to children's social care as the outcome measure in the knowledge that maltreatment is confirmed in an estimated 70-75% of children referred by clinicians to children's social care for suspected maltreatment. [30, 31] The BuRN-Tool in its current form relies upon features drawn from a standardized ED assessment. These features carry scores of different weighting that are added together to give a total score. The total score has the potential to identify children who warrant referral to children's social care teams for a comprehensive child protection assessment or to reassure ED staff of those children with a low score who carry a low risk of maltreatment. A recent study from a centre with 40 years of experience with pediatric burns identified a 7.1% prevalence of children referred to child protection services for possible 'non accidental injury', social care confirmed abuse in 75.7% of these cases. The authors identified similar findings to our study and recommended that 'Clinicians should approach all burn injuries in young children with a high index of suspicion, but in particular those with scalds, or injuries to the buttocks, perineum, or bilateral feet should provoke suspicion'. [31] The BuRN-Tool confirms that there is a constellation of features that strongly predict which children are referred to social care for further assessment, many of them common to other reported literature. [31] Further work has now been funded to identify the effect of the BuRN-Tool when implemented into clinical practice, what action social and health care workers take when alerted to these children and what proportion of referred children are substantiated cases of maltreatment. This will enable us to establish whether our tool would work as a predictor of maltreatment and whether additional features could improve its sensitivity and specificity.
CONCLUSION
The BuRN-Tool is a prospectively derived level 3 (highest evidence-based standard of validation) CPT, [11, 25] with satisfactory accuracy, that has been developed from research evidence and validated prospectively. The items are basic clinical features and the scoring is straight forward; together with the BaSAT it has the potential to act as an 'aide memoire' to standardize the assessment of children with burns across multiple professionals in busy emergency settings, and identify those who warrant a full child maltreatment evaluation and exclude those who do not. Table 1 . Definitions of predictor variables used in the derivation of the BuRN-Tool. * The body site and injury explanation variables were based upon the findings that common (typical) explanations for unintentional burns or scalds and predictable injury distributions are seen in children at different stages of motor development. For example, hot beverage scalds to the torso are typically seen in infants or toddlers who pull the beverage down on top of themselves as are contact burns to the hands in children who touch a hot iron or hair straighteners. 15 ) was not influential in non-scalds and consequently not scored. Pattern was not scored for non-scalds as was only relevant for scalds. ** As age was less influential in non-scalds, a score of 1 was added to every non-scald in order to keep the same clinical cut-off score (see methods). 
Predictor Variables Categories Explanation
